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a  b  s  t  r  a  c  t
Livelihoods  of  rice  farmers  depend  on  the  efﬁcient  use  of  scarcely  available  agricultural  resources.  Farm-
ers tend  to maximize  economic  output  of farming  activities  that  may  not  necessarily  coincide  with  the
optimal  use  of  resources  from  an  ecological  perspective.  However,  improving  resource  use  efﬁciencies
at  the regional  level  is  important  for society  at large.  Efﬁciencies  can  be enhanced  by well-chosen  com-
binations  of  resource  efﬁcient  technologies  at the  farm  level  and  policy  interventions  at  the  regional
level,  thereby  obtaining  a balance  between  the  objectives  of both  farmers  and  society.  Rice-based  farms
in  Tamil  Nadu,  India,  were  grouped  into  four  farm  types  based  on  their  biophysical  and  socio-economic
characteristics.  Crop  and  farm  level  resource  use  efﬁciencies  of water,  labour,  capital  and  nutrients  were
quantiﬁed on three  representative  farms  per  farm  type.  The  four  farm  types  differed  in water,  labour  and
nutrient  productivity  and  proﬁtability  both  at crop  and  farm  level.  Water  productivity  was  poor  on  Farm
Types  1,  2  and  3  compared  with  Farm  Type  4 due  to  the  open  access  to the  commonly  available  canal
water  on the  ﬁrst  types.  Labour  productivity  was  highest  on  Farm  Type  2 due  to  more  family  labour  use
and lowest  on Farm  Type  3 due  to the  small  operational  holding.  Farm  Types  1 and 2 were  most  proﬁt-
able and  Farm  Types  3  and  4  were  least proﬁtable  – directly  related  to  the resource  endowments.  Farm
Type  3  was  least  efﬁcient  in  all  the  resources  considered,  emphasizing  the  negative  effect  of  low  resource
endowments.  Possible  policy  interventions  in order  to improve  the  resource  use  efﬁciencies  and  their
effect on  the farmer  livelihoods  are  discussed.  Government  policy  interventions  may  inﬂuence  the farm
resource  use  efﬁciencies  through  the adoption  of  resource  efﬁcient  technologies.  However,  an  identical
set  of  policy  interventions  cannot  be applicable  to all farm  types  since  current  resource  use  efﬁciencies
and  adaptability  of  these  farm  types  for  change  in  policies  differed  substantially.
© 2012 Royal Netherlands Society for Agricultural Sciences. Published by Elsevier B.V.
 All rights reserved.. Introduction
Farmer livelihoods rely on a basket of assets such as human,
atural, physical, ﬁnancial and social capital [1–4]. The livelihood
f most farmers in the state of Tamil Nadu, India depends on lim-
ted available agricultural resources. Uncontrolled (open) access to
hese resources like water, leads to inefﬁcient use due to inappro-
riate management practices. Farmers tend to maximize economic
utput from their farming activities, which may  not necessarily
oincide with the optimal use of resources from an ecological per-
pective [5].  In order to optimize resource use efﬁciencies without
∗ Corresponding author. Tel.: +33 5 61 28 54 23; fax: +33 5 61 73 55 37.
E-mail address: senthilkumar.kalimuthu@gmail.com (K. Senthilkumar).
1 Present address: INRA, UMR  1248 – AGIR (Agrosystèmes et Développement
erritorial), B.P. 52627 Auzeville, F 31326 Castanet Tolosan Cedex, France.
573-5214/$ – see front matter ©  2012 Royal Netherlands Society for Agricultural Scienc
oi:10.1016/j.njas.2012.01.002harming farmer livelihoods, quantitative insight into the relations
between economic behaviour of the farmers and ecological impli-
cation of the resource use is required to identify optimal strategies
to sustain the agricultural production system.
Government interventions in the use of commonly available
agricultural resources can have signiﬁcant effects on the incen-
tives and opportunities available to farmers in making choices of
resource use. Improving water use efﬁciency (WUE) and nutrient
use efﬁciency (NUE), i.e., reducing the nutrient losses and pollution
of an entire region is important for irrigation engineers and policy
makers. However, improving WUE  may  not be a major concern for
farmers who have open access to irrigation water that is available
free of cost. Improving NUE to reduce pollution may  also not be a
driving force as it brings no direct beneﬁts to the farmers. Farmers
may, on the other hand, be willing to increase NUE to enhance yield
and minimize costs of labour and capital. It is, therefore, important
to link the objectives at the farm level to those at the regional level
es. Published by Elsevier B.V. All rights reserved.
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n order to identify intervention measures for improving the liveli-
ood of farm households while meeting regional targets. Trade-offs
n achieving the objectives of the two operational levels should be
inimized while maximum synergy has to be looked for.
The efﬁciency and sustainability of agricultural production sys-
ems can be enhanced by well-chosen combinations of policy
nterventions [6].  A policy may  be characterized as a consistent set
f objectives, instruments for achieving those objectives, and rules
or operating the instruments [7].  Agricultural policy instruments
re classiﬁed based on the level of imposition, i.e., (1) directly at
arm level, (2) at the national frontier, or (3) at some other point
n the domestic market [7]. The policy instruments imposed at
arm level can comprise deﬁciency payments, production and input
ubsidies/credit, investment grants, production or acreage quotas,
ompulsory food requisition and land reform measures. At the fron-
ier and market level, pricing and taxation, intervention by buying
roducts and food subsidies, and public investment on education,
esearch, and infrastructure are the main policy instruments [7].
As farms are unique in their resource endowments and char-
cteristics, differences can be expected in resource use efﬁciencies
RUEs), depending on the current structure and functioning of the
arms. Regional level resource use efﬁciencies are the cumulative
ffect of individual farm resource use efﬁciencies, thus government
olicy needs to stimulate improvement of RUEs at the farm level.
owever, policy instruments will affect individual farmer decisions
nd their livelihood differently depending on farmer objectives,
arm structure and functioning. Therefore, current RUEs of farms
ave to be quantiﬁed and understood before the effects of different
olicy instruments on improving the RUEs and farmer livelihoods
an be explored.
Rice (Oryza sativa L.) is one of the most important crops of the
armers in Tamil Nadu, which has a low water use efﬁciency while
he availability of water at regional level is becoming scarce. On-
tation and on-farm experiments were carried out on modiﬁed
ice cultivation including water-saving techniques compared with
onventional rice cultivation techniques. Overall, water saving of
0–50% without reduction in yield was found with modiﬁed rice
ultivation, resulting in an increase in water productivity of 40–47%
ver conventional rice cultivation [5,8]. These modiﬁed rice culti-
ation techniques were, however, hardly adopted by the farmers
ecause of technical difﬁculties in the novel cultivation practices,
abour constraints and gender issues [5].  Still, it is important to
mprove water use efﬁciency at regional level. Insights are required
s to how and to what extent changes at policy level (e.g., water
ricing policies at state level) may  create incentives to farmers and
nﬂuence adoption at farm level (e.g., of water-saving techniques)
eading to savings in resources.
The objectives of this study were: (1) to estimate the current
esource use efﬁciencies of land, water, nutrients, labour and capital
n rice-based farming systems of different cropping techniques; (2)
o describe the differences in resource use efﬁciencies across farms
sing economic and environmental indicators; and (3) to discuss
he potential impact of change in policies using different instru-
ents to improve resource use efﬁciencies and farmer livelihoods.
. Materials and methods
.1. Characterization of farm types
Four different rice-based farm types were identiﬁed based on
iophysical and socio-economic conditions in Thamirabarani river
asin, Tamil Nadu, India [9].  These farm types were identiﬁed by
eans of principal components analysis (PCA) using Canoco for
indows version 4.5 [10,11].  A detailed description of the analysis
as presented previously [9].  The important farm characteristicsurnal of Life Sciences 59 (2012) 41– 52
(e.g., income) and resource endowments (e.g., water and labour
availability) of the four rice-based farm types are presented in
Table 1. The farmers of Farm Type 1 were, relatively speaking, the
wealthiest with large land holdings (average 6 ha). However, farm-
ing was  not their primary occupation, as only one fourth of their
total labour was  devoted to farming. The farms were equipped
with both canal and well-irrigation facilities. The farmers of Farm
Type 2 were medium-wealthy with an average land holding of 3 ha
(Table 1). Agriculture was their primary occupation and 41% of their
family labour was  devoted to farming. These farmers had access
to canal and well irrigation. Farmers of Type 3 were the poorest
with small landholdings (average 1 ha). Farming was the primary
occupation of all farmers in this type. Nearly half of the family
members worked full-time on their farms and one third worked
part-time. They cultivated crops mainly to meet their family food
requirements and worked as agricultural labourers on other farms
most days during the cropping seasons. Farmers had access only to
canal water for irrigation, leaving them vulnerable to water short-
age late in the cropping season. The farmers of Farm Type 4 were
poor to medium-wealthy with a landholding of 3 ha on average.
Only 5% of the family members worked full-time on the farm and
the remaining 95% had a secondary occupation. They did not have
access to canal water and cultivated crops only during the mon-
soon season, irrigating crops in the later growth stages with water
stored in rainfed tanks or from wells [9].
2.2. Farm surveys and data collection
An in-depth farm survey was conducted across the four
rice-based farm types by sampling 3 farms per farm type
for four consecutive cropping seasons (16 months) from June
2005 to September 2006. The cropping seasons are Kharif
(June–September 2005), Pishanam (October 2005–January 2006),
Summer (February–May 2006) and again Kharif (June–September
2006). Farms were surveyed weekly and water, labour, capital and
nutrient allocation were monitored for each cropping activity.
Water used for each cropping activity from canals and system
tanks (fed by canals and that can provide irrigation water for a
longer period than canals) were measured using Parshall ﬂumes.
Water use from wells was estimated from the discharge rate of the
electric or diesel motor driven pumps and the duration of pump-
ing. Rainfall was measured by placing a rain gauge on each farm.
Hired and family labour use per cropping activity was  quantiﬁed
and expressed in labour days of 8 h. Family labour used for irrigat-
ing rice and banana was estimated as 10% of the actual duration
of irrigation, since farmers only need to open and close the inlets
of the channels for irrigation. For crops like vegetables and pulses,
the total duration of irrigation hours was considered as labour use
hours, since the farmers need to engage in diverting water for the
entire duration of irrigation. Capital inﬂow through application of
agricultural inputs like seed, fertilizer, hiring labour and machinery
were quantiﬁed per cropping activity. N, P and K input per crop-
ping activity was  derived from the application rate of inorganic
and organic fertilizers.
Animal components were not considered in this study since
their contribution to the farm income was less than 5% of the total
income of all four farm types [9].  However, animal draught power
for cropping activities was valued as free of cost.
2.3. Quantifying resource use efﬁciencies
Water and labour productivity, proﬁtability of capital use and
productivity of N, P and K along with nutrient balances were used as
indicators to identify use efﬁciencies of resources at both crop and
farm level. Calculations at crop level were expressed on a hectare
basis and the average values per cropping activity were multiplied
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Table  1
Farm resource endowments and characteristics of the identiﬁed four farm types. Data are per farm per year, averaged over three sample farms, based on Senthilkumar et al.
2009  [9].
Farm resource endowments and characteristics Unit Farm Type 1 Farm Type 2 Farm Type 3 Farm Type 4
Land available ha 6 3 1 3
Family labour use Lda 98 357 144 73
Hired labour use Ld 1244 759 247 275
Water use
Canal 103 m3 66.1 8.8 7.9 0.0
System tank 103 m3 0.0 7.3 0.0 0.0
Well 103 m3 9.0 34.9 0.0 4.2
Rainfed tank 103 m3 0.0 0.0 0.0 0.1
Rainfall 103 m3 50.5 25.0 7.8 27.4
Farm  net income
Crops US$ 2349 1498 146 305
Animals US$ 46 181 34 78
Off-farm US$ 4759 2496 922 824
a Ld = labour days.
Table 2
Equations used to calculate the indicators of the resource use efﬁcienciesa in bio-physical and economic terms on all farm types.
Indicator Level of estimation Equations Unit
Biophysical term
Water productivityY Crop and Farm Ydwb/(Wi + Wr)c kg m−3
Labour productivityY Farm Ydw/total labour hours kg per h labour
ProﬁtabilityY Farm Ydw/$ input kg $−1
N productivityY Farm Ydw/N input kg kg−1 N
P  productivityY Farm Ydw/P input kg kg−1 P
K  productivityY Farm Ydw/K input kg kg−1 K
Economic term
Water productivity$ Farm Incomed/(Wi + Wr)  $ m−3
Labour productivity$ Farm Income/total labour hours $ per h labour
Labour  productivity$(total) (LP1) Crop Income/$ inpute on total labour $ $−1
Labour productivity$(hired) (LP2) Crop Income/$ input on hired labour $ $−1
Proﬁtability$ Crop and Farm (Income/$ input) − 1 $ $−1
N productivity$ Farm Income/N input $ per kg N
P  productivity$ Farm Income/P input $ per kg P
K  productivity$ Farm Income/K input $ per kg K
a Y = Resource use efﬁciencies calculated using crop yield; $ = Resource use efﬁciencies calculated using income.
b Ydw = Yield (kg DW per ha).
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in soil fertility and abilities of crops to take up nutrients rela-
tive to the water availability. Because the application rates of thec Wi  = Water applied through irrigation (m3); Wr  = Water received through rainfa
d Income = Produce sold in the market + produce consumed within the farm, valu
e $ input = Cost of seed, fertilizer, manure, agro-chemicals, labour, hiring machine
y the area (weighted) to aggregate them to the farm level. Failed
nd standing crops were excluded from the calculations of resource
se efﬁciencies at the crop level, but were included at the farm
evel, since calculations were for a period of 16 months. Crop yield
xpressed on dry weight basis, and income earned per unit resource
se were used to express the resource use efﬁciencies in biophysical
nd economic terms, respectively (see Table 2 for equations).
Farm level labour productivity was calculated for the total
abour use, i.e., including permanently and temporarily hired
abour, and family labour. Labour productivity at the crop level was
alculated in two ways: (1) total labour use assuming wage rates
or family labour similar to hired labour, and (2) hired labour use
ssuming family labour as free of cost (Table 2).
Water from canals and system tanks, and electricity to pump
ell water using electric motors were both free of cost to the farm-
rs. However, when a diesel motor was used, hiring and fuel costs
ere included. The quantity of seed, amount of manure and the use
f machines and implements from the own farm were valued free
f cost, whereas operational costs of purchased inputs and hiring
ost of machines and implements were included as costs..4. Quantifying partial nutrient balances
Partial nutrient balances were calculated for the major nutri-
nts N, P and K at both crop and farm level. Partial nutrient).
 market price.
 implements. Conversion to US$ at a rate of Rs. 45 per US$.
balances included only the ﬂows that are visible to the farmers
and can be measured and managed by farmers [12]. Other nutrient
inﬂows like biological nitrogen ﬁxation by legumes, sedimentation
by run on, wet  deposition, and mineralization and nutrient out-
ﬂows through volatilization or denitriﬁcation, leaching, run off and
erosion were not included. These ﬂows are difﬁcult to measure and
often estimated using transfer functions. Although they may con-
tribute importantly to a complete balance, they were not included
because measurements are lacking and transfer functions from
elsewhere may not be valid for the region under study. Nutrient
inﬂows considered were inorganic fertilizers (IN1), organic manure
from cattle (IN2), organic manure from sheep penning (IN3), organic
concentrates (e.g., neem and groundnut cake) (IN4), green manure
(IN5) and seed input (IN6). Nutrient outﬂows were the main crop
produce (e.g.. grain, fruits, ﬂowers and tubers; OUT1) and crop
residues removed from the ﬁeld (e.g., straw, stover; OUT2). Nutri-
ent content of crop components obtained from literature were
used for the balance calculations2 [13–23].  The nutrient contents
of a crop and its components may  vary greatly due to differencesnutrients to crops in the study area were in the medium range
2 Data presented in Appendix A.
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or most crops, i.e., neither nutrient starved nor heavily applied
e.g., 150:50:50 kg NPK ha−1), as prescribed by the state agricultural
epartment, we used the mean values of plant nutrient contents
ound in literature. The nutrient content of inorganic fertilizers,
rganic manure and organic concentrates that are locally available
nd used by the farmers were obtained from the literature (data
resented in Appendix B)3 [24–27] and farm surveys. The equations
o calculate the partial nutrient balance at crop and farm level are
resented below.
NB crop =
I∑
i=1
INFLOWi −
O∑
i=1
OUTFLOWi
here PNB crop = crop level partial nutrient balance (kg ha−1),
 = number of inﬂows, O = number of outﬂows.
NB farm =
∑n
j=1(PNB cropj × Xj)∑n
j=1Xj
where PNB farm = farm level partial nutrient balance
kg farm−1), PNB cropj = crop level partial nutrient balance of
rop j (kg ha−1), n = number of cropping activities, Xj = actual land
rea of cropping activity j.
.5. Selection of policy instruments
Though there are many policy instruments that can be
ntroduced at farm and frontier level [7],  in this study we  considered
ome of the policy instruments that have been found to be useful
n improving resource use efﬁciencies at farm and regional level.
hey are: (1) pricing and taxation; (2) rules and regulations (e.g.,
creage quotas); (3) investment on education, training and infra-
tructure development; and (4) institution building and organized
o-operative management. The potential effects of these policy
nstruments on improving resource use efﬁciencies and farmer
ivelihoods are discussed.
. Results and discussion
.1. Resource use efﬁciencies of crops
Cultivation techniques were deﬁned by the season of culti-
ation (e.g., Kharif rice and Pishanam rice), source of irrigation
e.g., banana (WI) for only well-irrigated banana) and similarity in
rop management practices (e.g., perennials, vegetables, millets)
Table 3). The use efﬁciencies for water, labour, capital and nutri-
nts for different crop types were analysed within each farm type
nd across the four different farm types.
.1.1. Water use and water productivity
On the farms of Type 1, large differences in water productiv-
ty were observed between lowland and upland rice and between
ater sources used. The highest water productivity (0.39 kg m−3)
as obtained in Kharif rice followed by Pishanam rice with a water
roductivity of 0.3 kg m−3 (Table 3). The difference is likely due
o the intensive monsoon rain in Pishanam season leading to a
lightly higher water use of the rice crop (11,300 m3) than dur-
ng the Kharif season (9200 m3). Lower water productivities of
.04 and 0.17 kg m−3 were observed for upland rice cultivated with
ell water in the Kharif and Pishanam seasons, respectively. The
xtremely low water productivity for the well-irrigated Kharif rice
as explained by poor yields and large volume of irrigation water
sed (27,300 m3). Farmers applied much water to suppress the high
3 Data presented in Appendix B.urnal of Life Sciences 59 (2012) 41– 52
weed infestation observed in this crop and the low yields obtained
despite the engagement of more labourers for weeding. The prac-
tice of ﬂooding rice ﬁelds to suppress weed infestation was  reported
earlier [28–30].  The grain yield was  1–1.5 t ha−1 for upland rice
while it was 3.4–3.6 t ha−1 for lowland rice (Table 4). The area under
upland rice was, however, less than 1 ha in both seasons and did not
heavily affect the water productivity at farm level.
Banana, the second most important crop, consumed three
times more water than rice. The water productivity was  0.17 and
0.32 kg m−3, respectively, for canal and well-irrigated banana at
water applications of 27,000–29,000 m3 ha−1. The average bunch
weight of the canal-irrigated banana cultivar Rasthali was 7 kg fresh
weight while it was 20 kg for the well-irrigated banana cultivar
Monthan, suggesting that cultivars explain the differences in water
productivity. The perennial ﬂower crops (Jasmine and Rose) had
very low water productivity (0.01 kg m−3), vegetables using well
water on upland reached a water productivity of 0.07 kg m−3.
On Farm Type 2, there was  no difference in the quantity of
water used in Kharif and Pishanam rice, but a higher productiv-
ity was obtained with Pishanam rice (0.38 kg m−3) than Kharif
rice (0.31 kg m−3) due to the differences in yield. Yields were 4.2
and 3.9 t ha−1 for Pishanam and Kharif rice, respectively (Table 4).
Banana, the second most important crop, had a water produc-
tivity of 0.13 kg m−3, consuming 30,000 m3 ha−1. The pulse crop
had a water productivity of 0.16 kg m−3 at a total water use of
3000 m3 ha−1. The relay pulse, i.e., pulse crop sown in the stand-
ing rice crop just before harvest, had the lowest water productivity
(0.05 kg m−3) compared with the other crops due to the poor grain
yield of 0.1 t ha−1. Relay pulse crops were cultivated primarily to
improve soil fertility through legume nitrogen ﬁxation [31].
On Farm Type 3, total water used for Kharif and Pishanam rice
was 8300 and 9300 m3 ha−1, respectively, which was  much less
than the quantities used on Farm Types 1 and 2. Water productivity
of Kharif rice was highest (0.51 kg m−3) on this farm type. However,
with Pishanam rice it was reduced to 0.37 kg m−3 due to a higher
water use and lower yields. Banana had a water productivity of
0.18 kg m−3.
The farmers of Farm Type 4 grew only one rice crop per year
using the monsoon rainfall in the Pishanam season. The water
productivity of the rice was 0.51 kg m−3 at a total water use of
8700 m3 ha−1. Several other less water demanding crops were cul-
tivated on these farms and the water productivity varied from
0.12 to 0.49 kg m−3 (Table 3). A variety of vegetables, pulses,
oilseed crops and mixed crops had a water productivity of around
0.12 kg m−3. The millets and fodder crops had higher water produc-
tivities: 0.24 and 0.49 kg m−3, respectively.
Water productivities of rice on Farm Types 3 and 4 were high
compared with those on Farm Types 1 and 2. In general, water pro-
ductivity tended to decrease with increasing accessibility to water
resources. The water use of rice and the number of accessible water
sources were highest on Farm Type 2 followed by Farm Types 1 and
3 and lowest on Farm Type 4 (Tables 1 and 5). However, the lower
water use on Farm Types 3 and 4 did not reduce the rice yields.
On the other hand, the rice yields were highest on Farm Type 3
in the Kharif season and on Farm Type 4 in the Pishanam season.
The reverse trend in water use and rice yield as observed between
large (Types 1 and 2) and small farms (Types 3 and 4) might be
due to differences in water management practices. Larger areas of
1.6–7.8 ha per season under rice may  have led to poor water man-
agement on farms of Types 1 and 2. On the other hand, smaller areas
of 0.13–1.5 ha per season under rice on farms of Types 3 and 4 may
have led to improved water management. Furthermore, Farm Type
3 had access to canal irrigation and not well irrigation to supple-
ment, which may  have reduced the water input leading to equal
or higher water productivity. Farm Type 4 had no access to canal
water and used only rainfall along with stored water in rainfed
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Table  3
Water use (×103 m3 ha−1) and water productivity (kg DM yield per m3 water) of crops cultivated on different farm types in the Thamirabarani river basin, Tamil Nadu.
Crops Farm Type 1 Farm Type 2 Farm Type 3 Farm Type 4
Water use Water productivity Water use Water productivity Water use Water productivity Water use Water productivity
Kharif rice 9.2 0.39 14.4 0.31 8.3 0.51 – –
Kharif rice (WIa) 27.3 0.04 – – – – – –
Pishanam rice 11.3 0.30 14.5 0.38 9.3 0.37 8.7 0.51
Pishanam rice (WI) 10.3 0.17 – – – – – –
Banana 26.9 0.17 30.2 0.13 28.5 0.18 – –
Banana (WI) 29.1 0.32 – – – – – –
Perennialsb 14.3 0.01 – – – – – –
Green manure – – 8.8 0.00 – – – –
Relay pulse – – 1.8 0.05 – – – –
Vegetablesc 14.2 0.07 – – – – 6.3 0.12
Pulsesd – – 3.1 0.16 – – 5.4 0.11
Milletse – – – – – – 6.3 0.24
Oilseed cropsf – – – – – – 1.1 0.12
Mixed cropsg – – – – – – 1.9 0.12
Fodder cropsh – – – – – – 4.9 0.49
a WI  = well-irrigated upland crop; 1000 m3 = 1 million litres; Kharif = June–September; Pishanam = October–January.
b Jasmine and rose.
c Okra, egg plant, tomato, gherkin and onion.
d Green gram, black gram and cowpea.
e Sorghum, pearl millet and ﬁnger millet.
f Sesame.
g Cotton + pulses and oilseed crops + pulses.
h Fodder sorghum and fodder cowpea.
Table 4
Yields (t DW per ha) of cropsa cultivated on the different farm types in the Thamirabarani river basin, Tamil Nadu.
Crops Farm Type 1 Farm Type 2 Farm Type 3 Farm Type 4
Kharif rice 3.6 3.9 4.0 –
Kharif rice (WI) 1.0 – – –
Pishanam rice 3.4 4.2 3.5 4.4
Pishanam rice (WI) 1.7 – – –
Banana 4.5 3.8 5.4 –
Banana (WI) 9.4 – – –
Perennials 0.1 – – –
Relay  pulse – 0.1 – –
Vegetables 1.1 – – 0.6
Pulses – 0.5 – 0.3
Millets – – – 1.2
Oilseed crops – – – 0.1
Mixed crops – – – 0.2
Fodder crops – – – 2.1
a See Table 3 for speciﬁcation of the crops.
Table 5
Hired and family labour use (labour days per ha) and labour productivity ($ income per $ invested in labour) for the cropsa grown on the different farm types in the
Thamirabarani river basin, Tamil Nadu. (LP1) Family labour valued as hired labour, (LP2) Family labour valued as free.
Crops Farm Type 1b Farm Type 2 Farm Type 3 Farm Type 4
Total labour use Labour
productivity
Total labour use Labour
productivity
Total labour use Labour
productivity
Total labour use Labour
productivity
LP1 LP2 LP1 LP2 LP1 LP2 LP1 LP2
Kharif rice 76 7.0 7.2 107 4.8 5.9 245 2.8 3.1 – – –
Kharif rice (WI)c 136 1.2 1.2 – – – – – – – – –
Pishanam rice 100 4.7 4.7 129 5.2 5.6 236 1.9 2.2 107 5.2 6.7
Pishanam rice (WI) 74 3.4 3.8 – – – – – – – – –
Banana 278 7.7 9.0 500 2.1 2.3 550 2.1 2.4 – – –
Banana (WI) 306 4.0 12.9 – – – – – – – – –
Perennials 606 3.9 3.9 – – – – – – – – –
Relay  pulse – – – 13 4.2 17.6 – – – – – –
Vegetables 354 2.9 10.5 – – – – – – 324 3.2 8.8
Pulses – – – 54 5.0 8.3 – – – 81 4.1 5.7
Millets – – – – – – – – – 63 5.9 7.4
Oilseed crops – – – – – – – – – 22 5.6 7.4
Mixed crops – – – – – – – – – 88 3.9 7.3
Fodder crops – – – – – – – – – 89 1.4 5.4
a See Table 3 for speciﬁcation of the crops.
b WI  = well-irrigated upland crop; Kharif = June–September; Pishanam = October–January.
c Only one crop in database.
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anks and wells, which may  have resulted in a more judicious use of
ater.
Comparison of water productivity at crop level across farm types
an be made only for the crops that were grown on all farm types,
uch as rice, banana, vegetables and pulses. Strong variation in
ater productivity of rice was observed across farm types. Rice on
arm Type 3 had the highest water productivity in the Kharif sea-
on followed by Farm Type 1 and 2 while in this season no rice was
ultivated on Farm Type 4 due to water scarcity (Table 3). Pishanam
ice was the only crop grown on all four farm types. Water produc-
ivity of Pishanam rice was highest on Farm Type 4, followed by
arm Types 2 and 3 and lowest on Farm Type 1.
There was not much difference in the quantity of water used
y banana across farm types; however, small differences in water
roductivity were observed. Variation in water use and water pro-
uctivity of vegetable crops between Farms of Types 1 and 4 was
bserved. The quantity of water used by vegetables on Farm Type
 was 14,200 m3 ha−1 against only 6300 m3 ha−1 on Farm Type 4,
hich resulted in doubling the water productivity of vegetables on
arm Type 4 (Table 3).
.1.2. Labour use and labour productivity
On Farm Type 1, the total number of labour days (hired and fam-
ly labour) used for rice ranged from 74 to 136 ha−1 (Table 5). In both
he Kharif and Pishanam season, labour productivity (LP1 and LP2 –
ee Table 5 for explanation) was higher in canal-irrigated lowland
ice than in well-irrigated upland rice. High labour use resulting
rom high weed infestation accompanied by poor yields reduced
he labour productivity in well-irrigated Kharif and Pishanam rice
ultivation. Among the lowland rice crops, Kharif rice had a higher
abour productivity of 7 $ $−1 invested in labour than Pishanam rice
4.7 $ $−1). The labour productivity (LP1) of lowland banana was
lmost double (7.7 $ $−1) that of the upland banana (4 $ $−1), and
egetable crops had a labour productivity of 2.9 $ $−1. When valuing
amily labour free of cost (LP2) labour productivity was  increased
onsiderably in upland banana and vegetable crops and slightly in
ther lowland crops (Table 5). This implied that more unpaid family
abour was used in the high-value crops upland banana and vegeta-
les on Farm Type 1. Perennial ﬂowers had a labour productivity of
.9 $ $−1 and used the most labour days (606 labour d ha−1) among
he crops cultivated on Farm Type 1. The high labour demand of
anana and perennial ﬂower crops was due to the year-round pres-
nce of the crops in the ﬁeld, and for vegetables due to the labour
ntensive nature of the harvest of this crop.
On Farm Type 2, labour productivity (LP1) was 4.8 $ $–1 for Kharif
ice and 5.2 $ $−1 for Pishanam rice. Compared with Farm Type 1,
abour productivity for banana was lower on Farm Type 2 due to
ow yields and high labour use (Tables 6 and 7). The relay and single
ulse crops had a labour productivity of 4.2 and 5 $ $−1, respec-
ively.
On Farm Type 3, the Kharif and Pishanam rice had a labour
roductivity (LP1) of 2.8 and 1.9 $ $−1, respectively. This was the
owest labour productivity for lowland rice among all four farm
ypes, which was due to the higher labour use on small operational
cale. Banana on Farm Type 3 had a labour productivity of 2.1 $ $−1,
imilar to Farm Type 2.
The labour productivity for Pishanam rice on Farm Type 4 was
.2 $ $−1. Labour productivity (LP1) ranged from 1.4 to 5.9 $ $−1 for
ll other crops. When valuing family labour free of cost the labour
roductivity (LP2) increased to 5.4–8.8 $ $−1 for the same crops.
The observed variation in labour productivity for rice across
arm types suggests that possibilities exist to increase labour pro-
uctivity on farm types where productivity was presently low. On
arm Types 2, 3 and 4 labour productivity was increased in all
rops when the family labour was valued free of cost, showing
articipation of family labourers in all cropping activities. Laboururnal of Life Sciences 59 (2012) 41– 52
productivity tripled for the high-value vegetable crops when family
labour was  not valued. On all four farm types more than half of the
farm income was generated through off-farm activities (Table 1).
The capacity to generate off-farm income depends on the farmer’s
education, resource endowments and skills as the earned off-farm
income ranged from US$ 5 to US$ 35 per labour day across the four
farm types [9].
3.1.3. Proﬁt and proﬁtability
On the farms of Type 1, lowland rice and banana were the most
proﬁtable crops (Table 6). The proﬁt from Kharif rice ranged from
244 to 574 $ ha−1 and from Pishanam rice from 91 to 141 $ ha−1.
A proﬁt of 574 $ ha−1 was  obtained when rice was grown for seed
certiﬁed by the government. Proﬁts from both upland and low-
land banana were many times higher than from rice, reaching more
than 2600 $ ha−1 under lowland and canal-irrigated conditions and
1266 $ ha−1 under upland well-irrigated conditions. A maximum
proﬁtability of 3.3 $ income per $ input use was  obtained with
lowland banana. High ﬂuctuations and uncertainties in proﬁt were
found in the well-irrigated upland rice, perennial ﬂower crops and
vegetables. Vegetables were grown only in the uplands and a well
managed crop earned a proﬁt of 1188 $ ha−1 but crop failure was
also common due to water scarcity, pest infestation and illegal ani-
mal  grazing.
Unproﬁtable cropping was found to be rare on Farm Type 2.
Rice was  the most proﬁtable crop and the proﬁt of Kharif rice
ranged from 194 to 286 $ ha−1 and for Pishanam rice from 205
to 427 $ ha−1. On farm Type 2 also banana was found to be prof-
itable. However, its proﬁtability was lower compared with Farm
Type 1 due to disease infection. Very low proﬁts (13–37 $ ha−1)
were obtained with relay pulse due to the low yield caused by low
input use. Pulse crops were found to be highly proﬁtable (5.2 $ $−1);
however, crop failures were also common due to disease infection
(data not given), even leading to unproﬁtability.
The farms of Type 3 obtained both negative and positive proﬁts
with rice cultivation. This variation was possibly due to the small
operational scale, which resulted in increased input use of labour,
nutrients and seed per unit area. A small change in management
practice from one to two  initial ploughings modiﬁed the proﬁt from
positive to negative. Banana on Farm Type 3 was  proﬁtable as well,
with proﬁts ranging from 361 to 832 $ ha−1.
Pishanam rice and pulses were deﬁnitely proﬁt making crops
on Farm Type 4. The proﬁtability of all other crops, i.e., vegetables,
millets, oilseed crops, mixed crops and fodder crops ranged from
negative to positive (Table 6). The proﬁtability was 2–6 times higher
when there was enough water to irrigate these crops or when rain-
fall was adequate. Frequent crop failure and crop loss, however,
were common on these farms due to limited water availability
resulting in unproﬁtability.
In general, banana was  consistently proﬁtable as no crop failures
were recorded on any of the farm types, but proﬁtability varied
greatly between farm types. Banana was  much more proﬁtable on
Farm Type 1 (proﬁtability 2.5–4.3 $ $−1) than on Farm Types 2 and 3.
On Farm Type 2, disease infection of banana was observed, reducing
the proﬁt of this crop. Also rice, next to banana, was  consistently
proﬁtable and with a low risk of crop failure. On farms of Types
1, 2 and 3, rice and banana were grown with the assured water
supply from canals and on Farm Type 4 the rice crop used monsoon
rainfall, which resulted in consistent proﬁtability. All other crops
(perennials, vegetables, pulses, millets, oil seed crops, mixed and
fodder crops) were grown based on the farmer’s decision about
expected rainfall and water available from wells, which resulted in
large differences in proﬁt or in loss.
Rice and banana were the most important crops on Farm Types
1, 2 and 3, whereas rice was the single most important crop on
Farm Type 4. Much of the available farm resources water, labour,
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Table  6
Proﬁt ($ ha−1) and proﬁtability of cropsa ($ income per $ invested) on the four different rice-based farm types of Thamirabarani river basin, Tamil Nadu.
Crops Farm Type 1 Farm Type 2 Farm Type 3 Farm Type 4
Proﬁt Proﬁtability Proﬁt Proﬁtability Proﬁt Proﬁtability Proﬁt Proﬁtability
Min Max Min  Max Min  Max Min  Max
Kharif rice 244 574 0.9–2.2 194 286 0.6–1.0 4 307 0.0–0.8 – – –
Kharif rice (WI)b,c −98 −98 −0.4 – – – – – – – – –
Pishanam rice 91 141 0.3–0.4 205 427 0.7–0.9 −155 138 −0.2 to 0.3 196 312 0.5–0.8
Pishanam rice (WI) −176 76 −0.6 to 0.2 – – – – – – – – –
Banana 2499 2642 3.3 117 245 0.1–0.2 361 832 0.6–0.7 – – –
Banana (WI)c 1266 1266 1.5 – – – – – – – – –
Perennials −194 1217 −0.3 to 2.1 – – – – – – – – –
Relay  pulse – – – 13 37 0.3–0.7 – – – – – –
Vegetables −431 1188 −1.0 to 1.5 – – – – – – −105 1079 −1.0 to 3.3
Pulses – – – −138 205 −1.0 to 4.2 – – – 25 302 0.2–5.1
Millets – – – – – – – – – −39 121 −0.1 to 3.0
Oilseed crops – – – – – – – – – −4 81 −0.1 to 2.4
Mixed  crops – – – – – – – – – −104 98 −0.4 to 2.3
Fodder crops – – – – – – – – – −126 184 −0.7 to 1.1
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b Permanently hired labour not included.
c WI  = well-irrigated upland crop; Kharif = June–September; Pishanam = October–
apital and nutrients were used to grow rice and banana on large
roportions of the available land. Though banana was  more proﬁt-
ble than rice, cultivation of rice was predominant because rice is
he staple food, has a short growing period, is less risky and has a
table market, whereas banana has a long growing period, and is a
apital intensive crop with an unstable market.
.1.4. Partial nutrient balances
To understand the nutrient ﬂows in the different cropping activ-
ties of a farm, partial crop level nutrient balances were estimated
or all farms. On the farms of Type 1, a negative N balance was
bserved in lowland rice both in Kharif and Pishanam seasons and
 positive one in upland rice (Table 7). Positive P and negative K bal-
nces were observed in all rice crops irrespective of location and
eason. Contrary to rice, all other crops (banana, perennial ﬂowers
nd vegetables) had a positive nutrient balances for all nutrients.
oils under banana had a large positive balance of N and K: the N
alance was 192 and 375 kg ha−1 for lowland and upland banana,
espectively. A signiﬁcant positive balance of K was  found in upland
anana: up to 500 kg K ha−1.
able 7
artial nutrient balances of crops (kg ha−1) cultivated on four different rice-based farm typ
nly  for completed crops: failed and standing crops are not included in the calculations.
Cropsa Partial nutrient balance (kg ha−1)
Farm Type 1 Farm Type 2 
N P K N P 
Kharif rice −21 8 −56 47 12 
Kharif rice (WIb) 19 27 −56 – – 
Pishanam rice −26 10 −54 −18 −1 
Pishanam rice (WI) 22 26 −58 – – 
Banana 192 36 32 396 29 
Banana (WI) 375 79 499 – – 
Perennials 77 50 68 – – 
Green manure – – – 9 2 
Relay  pulse – – – −3 0 
Vegetables 98 46 56 – – 
Pulses  – – – −18 −2 
Millets – – – – – 
Oilseed crops – – – – – 
Mixed crops – – – – – 
Fodder crops – – – – – 
a See Table 3 for speciﬁcation of the crops.
b I = well-irrigated upland crop; Kharif = June–September; Pishanam = October–Januaryry.
On the farms of Type 2, Kharif rice had positive N and P bal-
ances but these were negative for Pishanam rice. The K balance
was negative both in Kharif and Pishanam rice. The positive N and P
balances and the small negative K balance (−17 kg K ha−1) in Kharif
rice compared with the other farm types was due to incorporation
of rice straw in the soil. Nutrient balances for banana were posi-
tive for all three nutrients, i.e., 396, 29 and 440 kg ha−1 for N, P and
K, respectively. Negative balances for all nutrients were observed
with relay and single pulse crops, although values were very
small.
On the farms of Type 3, slightly negative and slightly posi-
tive N and P balances were observed in Kharif and Pishanam rice,
respectively. Signiﬁcant negative balances of K were found for
both Kharif and Pishanam rice. Similar to Farm Types 1 and 2,
banana on Farm Type 3 had a large positive balance of all nutrients
(Table 7).
On the farms of Type 4, negative N and K and positive P bal-
ances were found for Pishanam rice. Soils under vegetables had
a large positive balance of all three nutrients like on Farm Type
1. On these farms slightly negative or slightly positive balances
were observed for the pulses, millets, oilseed crops and mixed crops
es in Thamirabarani river basin, Tamil Nadu, India. Nutrient balances are calculated
Farm Type 3 Farm Type 4
K N P K N P K
−17 −3 −4 −108 – – –
– – – – – – –
−52 3 21 −62 −24 24 −105
– – – – – – –
440 313 20 50 – – –
– – – – – – –
– – – – – – –
12 – – – – – –
−1 – – – – – –
– – – – 208 60 61
−6 – – – −10 0 −4
– – – – −7 8 11
– – – – 7 2 −1
– – – – 15 2 9
– – – – 26 7 −38
.
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Fig. 1. Resource use efﬁciencies of four different rice-based farm types in
Thamirabarani river basin, Tamil Nadu. Data quantiﬁed for four consecutive sea-
sons (16 months) in 2005–2006. Normalized values are calculated from 3 sample
farms per farm type using weighted averages. All crop units, both failed and standing
crops are included in the calculations. The equations used are: Water productivity
(Y) = kg DM yield per m3 of water used; Water productivity ($) = $ income per m3
of water used; labour productivity (Y) = kg DM yield per h of labour use (perma-
nently + temporarily hired and family labour); Labour productivity ($) = $ income
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Fig. 2. Nutrient use efﬁciencies of four different rice-based farm types in
Thamirabarani river basin, Tamil Nadu. Data quantiﬁed for four consecutive sea-
sons (16 months) in 2005–2006. Normalized values are calculated from 3 sample
farms per farm type using weighted averages. All crop units, both failed and stand-er  h of labour use (permanently + temporarily hired and family labour); proﬁtabil-
ty  (Y) = kg DM yield per $ inputs on crop; proﬁtability (S) = $ income per $ inputs on
rop.
Table 7). Fodder crops had positive N and P balances and a negative
 balance.
.2. Farm level resource use efﬁciencies across farm types
To understand the differences in resource use efﬁciencies among
he four farm types, farm level resource use efﬁciencies were cal-
ulated and presented relative to the best performer (Fig. 1). Farm
evel water productivity, both in terms of yield (Y) and income ($)
as highest on Farm Type 4 and lower on the other farm types in
he order of Farm Types 1, 3 and 2, respectively (Fig. 1). Availabil-
ty of water resources and the cropping system of rice and banana
arkedly inﬂuenced water productivity at farm level (Fig. 1 and
able 3). This implied that the available water resources were efﬁ-
iently used on the Type 4 farms compared with the other farm
ypes. The highest yield (4.4 t ha−1) was obtained for Pishanam rice
n Farm Type 4, using the lowest quantity of water (Tables 3 and 4).
n the other hand, Farm Types 1, 2 and 3 used more water and
roduced lower yields and income, suggesting that the commonly
vailable canal water was not efﬁciently used on these farm types.
Labour productivity in terms of both yield and income was high-
st on Farm Type 2, followed by Farm Type 4, and low on Farm Types
 and 3 (Fig. 1). Growing high-value crops like vegetables and pulses
Table 4) and the use of more family labour (Table 1) may  explain
he high labour productivity on Farm Types 2 and 4. The low labour
roductivity on Farm Type 1 may  be due to the use of more hired
abour and very little family labour. No female members of the farm
amily were working on Farm Type 1 [9].  The very low labour pro-
uctivity on the farms of Type 3 can be due to the small operational
cale and the hired labour per unit area, which was more than on
he other farm types [9].
Proﬁtability in terms of both yield and income was  higher on
arm Types 1 and 2 than on Farm Types 3 and 4. The possible reasons
or the differences in proﬁtability between large (Types 1 and 2)
nd small farms (Types 3 and 4) were (1) size of cultivated area –
roﬁtability of a farm tends to decrease with smaller land area and
ice versa; (2) crop selection – the most proﬁtable banana crop was
rown on Farm Types 1 and 2 on a larger proportion of the land;ing crops are included in the calculations. The equations used are, NPK productivity
(Y)  = kg DM yield per kg of NPK inﬂow; NPK productivity ($) = $ income per kg of
NPK inﬂow.
(3) water availability and risk – Farm Types 1 and 2 had access to
supplemental well irrigation, which reduced the risk of any crop
failure, and the crops can be managed better. On  the other hand,
Farm Type 3 did not have supplemental irrigation and Farm Type
4 depended on rainfall only although they had wells. The slightly
higher proﬁtability in terms of income on Farm Type 4 compared
with Farm Type 3 may  be explained by the cultivation of high-value
crops like vegetables and pulses.
Nutrient use efﬁciencies for the four farm types, expressed as
N, P and K productivity both in terms of yield and income per unit
nutrients used are presented in Fig. 2. Overall, nutrient productivity
was highest on Farm Type 1, followed by Farm Types 4 and 2 and
lowest on Farm Type 3 (Fig. 2). This implies that more fertilizer was
used per unit output on Farm Type 3. Inorganic fertilizer applied
was highest on Farm Type 3 followed by Farm Types 2 and 1 and
lowest on Type 4 [9].  For the individual nutrients, N was  efﬁciently
used on Farm Type 1, P on Farm Type 2 and K on Farm Type 4. Indi-
vidual nutrient productivity on a farm mainly depends on inﬂow
and outﬂow of nutrients.
The overall inﬂow and outﬂow of nutrients were comparatively
higher on Farm Types 1, 2 and 3 than on Farm Type 4 (Fig. 3).
The high inﬂow and outﬂow of nutrients in Farm Types 1, 2 and
3 were associated with water availability and the cultivation of
banana. Water scarcity on Farm Type 4 resulted in a very small
inﬂow of nutrients. Nutrient and water productivity have a sub-
stantial impact on each other and also on farm-level decisions in
many regions [32,33]. Nutrient application is associated with soil
moisture conditions and without sufﬁcient soil moisture farmers
cannot apply fertilizers. The highest N inﬂow was observed on Farm
Type 3 (114 kg ha−1) followed by Farm Type 2 (68 kg ha−1) and Farm
Type 1 (55 kg ha−1). A very low N inﬂow of 12 kg ha−1 was observed
on the farms of Type 4. P inﬂow was  equal on Farm Types 1 and
3 (21 kg ha−1) and was  10 and 5 kg ha−1 on Farm Types 2 and 4,
respectively. K inﬂow ranged from 22 to 33 kg ha−1 on Farm Types
1, 2 and 3 and was only 3.4 kg ha−1 on Farm Type 4. The farm level
partial N balance was negative on Farm Types 1 and 4 but positive
on Farm Types 2 and 3, corresponding directly to the N produc-
tivity (Figs. 2 and 3). The P balance was  positive on all farm types
and the K balance was negative except on Farm Type 2 (Fig. 3).
The very negative K balance on Farm Types 1 and 3 was associated
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Fig. 3. Farm gate partial nutrient balances (kg ha−1) of four different rice-based farm types in Thamirabarani river basin, Tamil Nadu. The values are averages of 3 sample
farms  per farm type weighted for land area. The inﬂow, outﬂow and the balances are quantiﬁed for four consecutive seasons (16 months) from June 2005 to September 2006.
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iailed  and standing crops are included in the calculations.
ith the cultivation of two rice crops on a large portion of the land
olding. On these farm types about 80 (Type 1) and 60% (Type 3)
f the land was under lowland rice for two seasons in one year.
he rice was harvested along with straw and taken from the ﬁeld,
hich resulted in a negative K balance in rice at ﬁeld scale, and
he large area under rice resulted in a negative K balance at farm
evel. Positive balances of all three nutrients on Farm Type 2 were
ssociated with the cultivation of banana on 34% of the land hold-
ng throughout the year. Only the fruit bunches were taken from
he ﬁeld and the pseudo stems left behind and incorporated in situ,
hich returned the nutrients. Crops with a large positive nutrient
alance on all four farm types were banana, perennial ﬂower crops
nd vegetables (Table 7). Pulses had a negative nutrient balance;
owever, nitrogen ﬁxation was not accounted for in the calcula-
ion. Assuming the grown legumes to produce 23–311 kg N ha−1
34,35] may  explain that pulses are grown to increase soil fertility
ithout external nutrient supply. Growing millets, oilseed crops,
ixed and fodder crops on Farm Type 4 contributed less to the
verall partial nutrient balances because of low nutrient input and
ow yield output due to water limitation.
The possible drawbacks in determining the resource use
fﬁciencies were: (1) The biophysical and economic indicators
uantiﬁed and expressed on a per ha basis were actually from the
arying ﬁeld scales. For instance, proﬁtability of rice on Farm Types
 and 3 was quantiﬁed from the data collected from the actually
ultivated area of 2–3 ha and 0.2–0.8 ha, respectively. The result-
ng values may  have an extrapolation error when expressed on a
er ha basis. (2) Only partial nutrient balances were quantiﬁed for
he four farm types. The processes not considered in the analysis
uch as atmospheric deposition, sedimentation, erosion, leaching
nd denitriﬁcation also have an inﬂuence on the actual nutrient
alances. (3) The farm level nutrient balances were quantiﬁed only
or four consecutive seasons. This means that they can only indi-
ate partial nutrient balances at a point in time. The farmers were
rowing crops that had positive nutrient balances like banana and
egetables, and also negative nutrient balances like rice and pulses
n rotation. The results should be interpreted with caution whendiscussing the future of the farming systems with respect to long-
term soil fertility management. Nutrient dynamics over time need
to be studied in detail.
3.3. Potential effect of policy instruments on enhancing resource
use efﬁciencies and farmers’ livelihoods
The four rice-based farm types differed substantially in
resource use efﬁciencies on water, labour, capital and nutrients
(Figs. 1 and 2). Factors such as crop species, land use pattern,
crop management, farmer’s knowledge and objectives inﬂuenced
the resource use efﬁciencies. The potential effect of different pol-
icy instruments on enhancing resource use efﬁciencies and farmer
livelihoods were assessed qualitatively (Table 8). Pricing of canal
water will affect farm income and in turn heavily inﬂuence the
farmer livelihoods on Farm Type 3, whereas the effects will be
comparatively low on Farm Types 1 and 2. On the other hand,
water productivity will be improved on these farm types as farmers
will tend to reduce the quantity of water through a shift to water-
efﬁcient production technologies. For example, Farm Types 1 and 2
were wealthy with a high annual farm income (Table 1) and farming
was comparatively more proﬁtable than on Farm Type 3, which had
a very small land holding of less than 1 ha and proﬁtability tends to
decrease with the operational size of the holding. This was the only
farm type that had a negative proﬁt with lowland rice whereas the
other farm types obtained positive proﬁts (Table 6). Importantly,
nearly 90% of the farms in the state are small, holding less than
2 ha [36], and these farm households will continue to occupy a pre-
dominant position in food production to meet the growing food
demand of the region [37]. Policies that price the water or limit
its availability certainly can motivate farmers to improve water
management, but public awareness programmes and moral per-
suasion efforts may  be inefﬁcient in areas where land availability
is a binding constraint [32]. Farm Type 1 was  the most proﬁtable
compared with the other farm types but it was not the most efﬁ-
cient in terms of water and labour productivity (Fig. 1). They had
the largest land holding and sufﬁcient access to hired labour, canal
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Table  8
Potential impacta of different policy instruments on livelihood of farmers across farm types.
Farm parameters Farm types Policy instruments
Pricing on
canal water
Pricing on electricity
for pumping well
water
Quota on canal
water and
electricity use
Training and education on
modiﬁed rice cultivation
technologies
Irrigation
infrastructure
development
Organized co-operative
management of common
agricultural resources
Farm income 1 − −− − ++ + +
2 −−  −−− − ++ ++ ++
3 −−−  0 0 ++ ++ +++
4  0 −−− 0 ++ +++ +
Water  productivity 1 +++ ++ ++ +++ +++ +++
2  +++ +++ ++ +++ +++ +++
3 +++ 0 0 +++ +++ +++
4 0 +++ 0 ++ −/+  +
Shift  in production
technologiesb
1 + ++ + + ++ ++
2  ++ +++ ++ +++ +++ +++
3  +++ 0 0 ++ ++ ++
4 0  + 0 ++ +++ ++
Overall effect on
farmer livelihoods
1 − − −− ++ ++ ++
2  −− −− −− ++ ++ ++
3  −−− 0 0 ++ ++ ++
4 0 −−− 0 ++  +++ +++
a The number of ‘+’ or ‘−’ indicates the degree of positive or negative impact relative to other farm types. The policy instruments are analysed individually for their possible
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b For example: modiﬁed rice cultivation, less water demanding and high-value c
ater and capital resources (Table 1). Farm Type 2 had a very low
ater productivity in terms of both yield and income but they
ere most efﬁcient in terms of labour productivity and proﬁtabil-
ty. This tends to support the statement that “farm activities tend to
aximize economic output which may  not necessarily coincide
ith the optimal use of commonly available resources from an
cological perspective” [5].
On the farms of Type 4, the only water sources were rainfall
nd stored water in wells and rainfed tanks (Table 1), but these
arms had the highest water productivity in terms of both yield and
ncome of all farm types. Limited water availability led the farm-
rs to cultivate only one rice crop per year and many less water
emanding crops like pulses, millets and oilseed crops (Table 3).
arm Type 4 was second best on labour productivity but they were
ot as proﬁtable as Farm Types 1 and 2. Farm Type 4 will remain
naffected by water pricing policies as they are not using canal
ater.
Government policies such as pricing electricity will inﬂuence
ater productivity and farmer livelihoods on Farm Types 1, 2 and
, whereas Farm Type 3 will remain unaffected as they do not have
ells for irrigation. Farm Types 2 and 4 will be the most affected
nes by pricing electricity since they are using more well water for
rrigation (Tables 1 and 3).
Policies such as quota on water and electricity use may  be an
ption to protect the less proﬁtable farms of Type 3 and 4. This may
rotect the farmer livelihoods of these farms but may  not improve
he water productivity. However, it will improve the water pro-
uctivity on Farm Types 1 and 2 through the adoption of water
fﬁcient technologies. Farm Types 1 and 2 make up 10% of the farm
ouseholds and they are cultivating 45% of the agricultural area in
he state [38]. Policies such as water and electricity quotas improve
ater productivity on 45% of the agricultural area though they may
ffect the farmer livelihoods on these farm types.
Government policies such as training and education on
mproved rice cultivation techniques, development of irrigation
nfrastructure and organized co-operative management of com-
on  agricultural resources will improve resource use efﬁciencies
s well as farmer livelihoods in the region (Table 8). Training and
ducation of the farmers on modiﬁed rice cultivation techniques
ay  improve its adoption, which may  lead to improved waternd 90% of the farm households and are cultivating respectively 45 and 55% of the
productivity on all farm types. Earlier studies in the research area
reported that farmers were positive about reduced water use with
water-saving irrigation techniques and also about higher rice yields
with modiﬁed cultivation methods. Yet, adoption was hindered
by the practical difﬁculties such as risk and uncertainty of water
release and waterlogging in low-lying rice ﬁelds [5].  Improving the
irrigation infrastructure and creating good control over irrigation
water like lining the irrigation canals with concrete will increase
the chances of adopting water-saving irrigation on Farm Types 1,
2 and 3. Currently, the lining of main irrigation canals in the study
area is progressing [39] and needs to be extended to sub-canals for
effective water control at ﬁeld level.
In practice, policy instruments like pricing and quota on water
use can be introduced only after the modernization of irrigation
infrastructures. Farmers are then likely to increase the number of
crops cultivated with a shift towards less water demanding and
more remunerative crops, which in turn will improve the farmers’
livelihoods on all farm types. Rice cropping needs to compete with
other crops in terms of proﬁtability, which depends on the eco-
nomic return per crop type and government price support policies.
However, growing rice will not be given up as rice is the staple
food and its demand is increasing with the growing population.
To sustain present food self-sufﬁciency and to meet future food
requirements, rice productivity needs to increase at least 3% annu-
ally [40]. The current 15% of water resources used for domestic
and industrial purposes is expected to increase by 25% in 2025
[41]. In this situation, increasing rice production with less water
is imperative to sustain food security.
Modernized irrigation infrastructures may  result in controlled
water release and distribution. However, quantifying the water use
per farm to implement policy instruments on water pricing and
water quotas may  not be economically feasible. Nearly 90% of the
farmers in the state are small and marginal, having less than 2 ha
of land [38] and scattered ﬁelds. Policy instruments like institu-
tion building and organized co-operative management are useful
to adopt water-saving irrigation techniques at larger spatial scales.
The existing farmers’ water users association could be stimulated
for this purpose.
Increased labour requirement and unwillingness of agricultural
labourers to modify planting methods were reported as the main
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auses of disadoption of modiﬁed rice cultivation methods [5].
ntroducing improved technologies like planting machines will
ncrease labour productivity by reducing labour use on all farm
ypes.
Though the study was focused on the rice-based farms, banana,
he second most important crop on Farm Types 1, 2 and 3 also
ontributed to the resource use efﬁciencies on the farms. Banana
onsumed as much as three times more water and labour resources
han rice. Large quantities of nutrients were applied to banana,
hich resulted in large positive nutrient balances. Improved tech-
ologies to reduce water, labour and nutrient use in banana need
o be developed along with the introduction of high-value crops
hat use less water to improve the resource use efﬁciencies of the
ice-based farming systems.
. Conclusions
Differences in resource use efﬁciencies of crops were observed
ithin a farm type and across all four farm types. Rice was the
ost important crop and its resource use efﬁciency determined the
arm level efﬁciencies, followed by banana. Variation in resource
se efﬁciency indicators across farm types showed the possibili-
ies for enhancing the efﬁciency of the scarce resources through
hanges in cultivation practices and policy interventions. The indi-
ator values of the current resource use efﬁciencies showed the
egree of adaptability of a farm type to changes in policies such
s pricing water and electricity at regional level. Farm Types 1 and
 are more adaptable to water and electricity pricing policies and
ater productivity can be improved simultaneously. Farm Types 3
nd 4 will be heavily affected by water and electricity pricing poli-
ies, respectively. If canal water and electricity are priced, providing
ater quota for Farm Type 3 and electricity quota for Farm Type 4
ill protect these less proﬁtable farms and the farmer livelihoods
y maintaining their farm proﬁt.
To improve the resource use efﬁciencies and farmer livelihoods,
olicies could be introduced to enhance infrastructure building,
raining and education of the farmers, institutional development
nd organized co-operative management of water resources, rules
nd regulations on water use and ﬁnally on pricing water and elec-
ricity. The above order of policy interventions will be useful in
roviding institutional instruments to execute the interventions
equentially. Sufﬁcient care should be taken while bridging the
bjectives at both farm and regional level, i.e., improving the efﬁ-
iency of the resources without harming the livelihoods of the
arming community.
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